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/Te lecommunications cable 

This invention relates to telecommunications 

cable . 

In the telecommunications cable industry, specific 
designs of cable have conventionally been used for inside 
buildings. A conventional cable design, which has been 
employed for voice frequency ranges and low speed data, 
e.g., up to about 4 or 4.5 megabytes, is one in which the 
conductors of each conductor pair are twisted together with 
a twist length, referred to as a "twist lay", of between 
3.7 and 5.7 inches. While the above design of cable 
operates satisfactorily within the voice frequency range, 
it has been found to be unsatisfactory .for various reasons 
above this range and has limitations for use with digital 
systems and local area networks using much higher 
frequencies. In particular, attenuation of signals at 
around 16 megabytes is undesirably high as is the amount of 
crosstalk experienced. For high v frequency data 
transmission, e.g. up to about 100 megabytes, a 
conventional cable design for all voice frequency range use 
is entirely unsatisfactory. 

In U.S. Patent 5,010,210 to S. Sidi, et al and 
entitled "Telecommunications Cable", an unshielded 
telecommunications cable is described of special design in 
which it is recognized that the use of small twist lays for 
twisted conductor pairs in a particular cable provides the 
surprising result that electromagnetic interference is 
reduced to commercially acceptable levels even through the 
cable is unshielded, to provide minimization in crosstalk. 

Capacitance in a conductor is dependent, in part, 
upon the length of the conductor. ' On the other hand, 
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lengths of the conductors. The nominal characteristic 
impedance of a twisted pair in telecommunications cable is 


commercially acceptable if it has a value of 100 ohms ± 15 
ohms. With a cable designed for voice frequency range use, 
the twist lays in adjacent pairs are designed to be 
different from one another for the purpose of minimizing 
5 crosstalk- Although for a unitary length of cable, these 
twist lays differ, the nominal characteristic impedance for 
any one pair is easily controlled within the required 
limits, because any change in the normal large twist lays, 
e.g. between 3.70 and 6.00 inches, results in .similar v. (ZCe^z^ 

^PC 10 uQfeanges in. the conductor length and in the " ^o o p^^u^Ta^c^ ^ ^ 
ja^ecr * , whereby changes in inductance and capacitance are 
substantially proportionate and the nominal characteristic 
impedance thus remains substantially unchanged. However, 
when a cable is provided with small twist lays to its 
15 twisted pairs and these twist lays differ from pair to pair 
so as to minimize crosstalk, the changes in twist lay t from 
pair, to pair are accompanied by large variations in 
*sS&ld=u^ area which provide large variations in inductance, 
but the helical lengths of the conductors from pair to pair 
vary more widely whereby change in capacitance is 
significantly larger than change in inductance. As a 
result, the nominal characteristic impedance is 
uncontrollable from pair to pair and it is found that in 
any cable there is a tendency for the nominal 
characteristic impedance of at least some pairs to be at or 
beyond the acceptable nominal characteristic impedance 
value in the telecommunications industry. Certainly for a 
cable having twenty- five pairs of twisted conductors, 
conventional cable design cannot provide an acceptable 
nominal characteristic impedance for each pair where all 
pairs have small, but different twist lays. 

The present invention seeks to provide a 
telecommunications cable which minimizes or avoids the 
above problems. 

Accordingly, the present invention provides a 
telecommunications cable comprising a core having a 
plurality of pairs of twisted together individually 
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insulated conductors, the maximum twist lay length being 
2.00 inches, the twist lay length of at least some 
conductor pairs being different from that of others, and 
the insulation thickness of the conductors of at least some 
5 pairs being different from that of other pairs with the 
conductors of each pair having a thickness of insulation 
which provides the pair with a characteristic impedance 
which is within desirable limits and an acceptable signal 
attenuation. 

10 With the above structure of the invention the 

insulation thicknesses of the conductors are matched to the 
twist lay lengths so as to provide in each case a nominal 
characteristic impedance for each twisted pair which lies 
within the normal acceptable commercial range. In 

15 practice, and within the scope of the invention, the pairs 
of conductors with the smallest twist lays necessarily have 
thicker insulations on the conductors than the pairs of 
conductors with the largest twist lays. The increase in .. 
thickness of the insulation provides for a larger l-^op ^^^*^ 

20 oferTaoe area increase than could be obtained using thinner 
insulation so as to be comparable more closely to the 
necessary increase in the lengths of the conductors to 
provide the small twist lays. Accordingly, changes in 
inductance and capacitance from one twisted pair to another 

25 are more closely aligned whereby the impedance can be more 
closely controlled within acceptable limits. 

In principle, the present invention includes a 
structure of cable in which the twist lay length of each 
pair is different from that of each other pair and also in 

30 which the conductor insulation thicknesses are different 
from one pair to another. In a practical sense having 
completely different thicknesses of insulation from pair to 
pair may be highly inconvenient, impractical and may be 
expensive. Accordingly, in a preferred cable structure, 

35 less thicknesses of insulation may be used than the number 
of twist lays in the twisted pairs. Conveniently, the same 
thickness of insulation may be used over a range of twist • 
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lay lengths while still providing a nominal characteristic 
impedance which is within the desirable limits, and another 
thickness of insulation may be used for a different range 
of twist lays to provide similar results. In particular, 
5 therefore, it is preferable for a first plurality of 

conductor pairs having twist lays within a first range and 
have the same conductor insulation thickness which is 
consistent with providing a nominal characteristic 
impedance for each conductor pair of the first plurality 

10 within desirable limits and an acceptable signal 

attenuation, and at least a second plurality of conductor 
pairs is provided and which have twist lays within a second 
range. The conductors of the second plurality of conductor 
pairs each - havo substantially the same conductor thickness 

15 which is different from that of the first plurality of 
pairs to provide a nominal characteristic impedance for 
each conductor pair of the second plurality which is within 
the desirable limits and also an acceptable signal 
attenuation. . 

20 The inventive concept may be used in 

telecommunication cables with different numbers of 
conductor pairs and in a particular case using twenty-five 
conductor pairs, a plurality of thicknesses of insulation 
may be employed to extend over different limits of twist 

25 lay lengths to provide the desired results. In a practical 
arrangement having twenty- five conductor pairs, it has been 
found that two insulation thicknesses may be provided, each 
insulation thickness applicable to an individual plurality 
of pairs of conductors lying within a certain range of 

30 twist lays while providing the acceptable nominal 
characteristic impedance and attenuation values. 

The invention is applicable both to cables with 
and without a shield surrounding the core. 

One embodiment of the invention will now be 

35 described, by way of example, with reference to the 
accompanying drawings, in which:- 


^^^F^_gur^ 1 is an isometric diagrammatic view of part 
of twistedpair of individually insulated conductors; 

Figure 2 is a cross-sectional view through a 
telecommunications cable for high frequency use and 
according tjy the embodiment; and 

r/^Figure 3 is a cross-sectional view through part of 
a core of the cable of Figure 2 and to a much larger scale. 

In telecommunication cable constructions, as shown 
by Figure 1, pairs 10 of conductors are normally used, the 
pairs 10 comprising two individually insulated conductors 
12 each having a layer of insulation 14 (chain-dotted) 
which maintains the conductors apart . Each pair of 
conductors is twisted to have a particular twist lay, that 
is the twist length produced between them, and the distance 
between the conductors is controlled by the thickness of 
the layers of insulation 14. The signal attenuation in the 
conductors is partly dependent upon the length of the 
conductors and also upon the distance between them. As a 
result, ~if oyer a unitary length of cable the twist lay/j*e- 
less witL K- cortain - 'paxro of conductors , then each conductor - 
- length^is longer than in^other^pa^.rs which would tend to 
lowae theat&e^ation^of the^-i^w- twist lay pairyl. In 
addition,^ the pairs with -lew-twist lay tend to be crushed 
closer together than other pairs with the result that the 
insulation is more compressed thereby bringing the 
conductors slightly closer together. This is also a factor 
in increasing the attenuatioi^^^ ^ 

The attenuationAjj^ inversely proportional to the 
nominal characteristic impedance of each pair. The 
impedance is proportional to the square root of the 
inductance and inversely proportional to the square root of 
the capacitance. For normal considerations in 
telecommunications cable design, for normal voice frequency 
cables with a long^wast^ay^, e.g. between 3.7 and 6 
inches, the^noluctance ^nd capacitance change substantially 
proportionately from twisted pair to twisted pair having 
different twist lays. As a result of this, for normal 


voice frequency use cable designs the nominal 
characteristic impedance changes only slightly from pair to 
pair and is easily contained within the acceptable design 
limits of 100 ohms ± 15 ohms. However, when a 
telecommunications cable is designed to operate at high 
frequencies, perhaps up to 100 megabytes, it is desirable 
for this purpose to have each twisted pair with a 
relatively low twist lay, i.e. below 2 inches in length. 
Problems arise in this case with maintaining the nominal 
characteristic impedance within the desirable limits. One 
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directio n at any ■p oint y theji^lin^^e^ngmoved from end to 
end of the pair of conductors. f huo -, — Urn luup suila c e area - 
— arg as repre s e nted by tho ohaded area cjctcnding between th e , * ■ 
.t wictod pair of crnndi . ictoro in Figure 3 >» The £oa^^r^^o^ A ^ > ^ 
area increases from pair to pair as the twist lay decreases 
while the length of each conductor also increases as the 
twist lay . incr e ases . However, the capacitance depends 
primarily upon the helical length of each conductor. For 
high twist lay lengths. of cable for voice frequencies, the 
change in the l^ op^s^rTa^ ^^axea^ is substantially 
proportional to the change of helical length of the 
conductors for variation in twist lay and results in the 
substantially proportional change in inductance and 
capacitance discussed above which results in little or no 
change to impedance. However, when small twist lays are 
being considered, e.g. below 2 inches, then the length of ^.' 
conductor from Lwi^Led pail — Lu twist e d pair inefc as-es— 
fasrpr than tho loop ourfacc area for a decrease in L wi^L ■ * 

=tay-i Thi3 effects cubotantialy increaooo in capac itanc e^ 

compared to increases in inductance. As a result of this, 
the impedance is known to decrease rapidly from twisted 




7 


pair to twisted pair as twist lay reduces. If nominal 
characteristic impedance values are to be maintained within 
acceptable limits, this places a limit on the number of 
twisted pairs which may be placed in the core of a high 
5 frequency telecommunications cable having a large range of 
twist lays which are all below 2 inches. In addition, the 
change in nominal characteristic impedance , has drastic 
effects upon the attenuation which reaches^afctenuation 
levels which are also completely unacceptable. 

10 The present invention provides a 

telecommunications cable structure which, as described in 
the following embodiment, enables the nominal 
characteristic impedance to be more closely controlled 
between its acceptable limits while also placing a control 

15 upon signal attenuation. It also enables 

telecommunications cable employing large numbers of pairs, 
i.e. twenty- five pairs or above, to be employed with a 
range of low twist lays while also avoiding the above- 
discussed problems. 

20 As shown by the embodiment (Figures 2 and 3), a 

shieldless telecommunications cable 20 comprises a jacket 
22 of any suitable material for inside building use, the 
jacket surrounding a cable core 24. 


different twist lay from all of the other pairs to minimize 
crosstalk. The lowest twist lay is 0.2 5 inches and the 
highest twist lay is 0.86 inches, the twist lays increasing 
incrementally between these two limits. As shown by Figure 

30 3, certain pairs 26 of the conductors have twist lays 

within a range of lower limits i.e. between 0.25 and 0.3 5 
inches. There are ten of these conductor pairs with twist 
lays varying from 0.25 to 0.3 5 inches. Each of the 
conductors 28 in these pairs is individually insulated with 

35 a layer 30 of a chosen insulating material, the layer 30 
having a thickness of 0.0095 inches to result in a total 
outside insulated diameter of 0.0391 inches. The other 
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fifteen pairs 32 of conductors 3 4 having different twist 
lay lengths within a higher limiting range, each have an 
insulation layer 3 6 also of chosen insulating material, the 
insulation layer being 0.0085 inches in thickness to 
provide a total overall insulated thickness of 0.03 61 
inches . 

With this construction as shown by the 

accompanying Table, the nominal characteristic impedance of 

each conductor pair lies within the limits which are 

acceptable in the telecommunications cable industry, i.e. 

100 ohms ± 15 ohms. In addition, the attenuation as shown 

by the Table lies within acceptable limits. As may be seen 

from the accompanying Table, the ten twisted pairs within 

the lower range of twist lays, i.e. within 0.25 and ,0,35 , 
. . . . . . . . , ^9f4(Z^^ pof- / mj^ 

inches have a nominal characteristic -rmp r ri n n r r jyuV_ 

oy er ' 1 mote s between 102.5 and 109.5 ohms and ever 1 00'^ L * 

.motors between -99.6 and 106.1 ohms. The fifteen twisted 

pairs lying within the upper twist lay range have nominal 

characteristic impedances which are comparable to those at 

the lower end of the range as may be seen from the Table. 

As may be seen from the embodiment and from the 

accompanying Table, the nominal characteristic impedance 

may be controlled for-iew- twist lay lengths below 2 inches 

(and in this case below 0.86 inches) to enable a relatively 

large pair content cable to be made for use at high 

fe@^r>Tiny rnngrs while producing acceptable nominal 

characteristic impedance and attenuation values. The 

embodiment as described uses twenty- five pairs all of which 

have acceptable values between the defined limits. As may 

be realized, the inventive concept may easily be used upon 

cables having more or lesser pairs than those described in 

the embodiment, any increase in limit differential between 

the lay lengths of extra pairs being easily accommodated by 

thicknesses of insulation which are different from those 

described in the embodiment and which are calculated to 

produce the desired nominal characteristic impedance and 

accompanying attenuation values. 
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In effect therefore, as may be seen from the above 
description and from the Table and also with particular 
reference to Figure 1, for shorter twist lays, in which it 
is normally expected that the helical length, of tiie ft " j 
conductor increases more rapidly than the -^^e^^ur^x^^^^Q 
area, the thicker insulation provided upon the conductors 
of these pairs results in further spacing apart of the 
" eenduct to; and th n ^ " !"■ ' i ■-■ -n i in- i"t t< in iln : luuu - srg - r f-ae g*. 
JP^^jjD ■ Ar & A '^h-L^h hnlsf.sr n th Q i nr i i i ^r nn nn "nln^ in ^rnmrnri n n n ^" 

' ^fhe? i ncronnn -j - r> - ■ n -i p n r i t- a rv ta thereby controlling the nominal 
characteristic impedance values within the desirable 
limits. The change in insulation thickness therefore 
results in control of spacing between the conductors of the 
pairs dependent upon the twist lay lengths of the pairs so 
as to provide a balancing effect between capacitance and 
inductance to produce the desirable nominal characteristic 
impedance . 
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LAY 


NOMINAL 
CHARACTERISTIC 
ATTENUATION IMPEDANCE , O.D. 

^M-IM-Hr- -iO-eM-lt&Mk- iM-|,i*4fz- -3^©M— yi3S^fc)IAMETER 

<dB per IQQm) fotim) inches 
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